CHAPTER 3

PRESSURIZATION AND
AIR-CONDITIONING SYSTEMS

Terminal Objective: Upon completion of this chapter, you will be able to
recognize the operational and component differences between air cycle and
refrigerant cycle air-conditioning systems (ACS).

Transferring a human being from his
natural environment on the earth’s surface to the
environment existing at 40,000 feet places him in
surroundings in which he cannot survive without
artificia aids. Even at half that altitude, breathing
becomes very rapid; and above 25,000 feet un-
consciousness occurs, quickly followed by death.
A brief study of the earth’s atmosphere tells us
why this condition exists.

STRUCTURE OF
THE ATMOSPHERE

Learning Objective: Recognize the affect
high altitude flight could have on flight
personnel because of decreased atmos-
pheric pressure.

The envelope of atmosphere surrounding the
earth is a gaseous mixture consisting chiefly of
nitrogen and oxygen. There are traces of other
gases, but they have no significance as far as body
functions are concerned. Chemical analysis has
shown that the proportions of nitrogen and
oxygen are constant throughout the thickness of
the atmosphere, up through 200,000 feet or more.

ATMOSPHERIC PRESSURE

Although the chemical content of the
atmosphere remains fairly constant, the density
(mass per unit volume) of the atmosphere varies
with atitude. At 18,000 feet the density is about
one-half of the density at sealevel, and at 36,000
feet it is only about one-fourth of the density at
sea level. The atmospheric pressure also varies
with the altitude. The pressure exerted by the
atmosphere may be compared to the pressure of
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a column of water. If holes are made in the
container of the column, the force with which the
water spurts out of the upper holes will be
considerably less than that at the bottom of the
column. Similarly, the pressure exerted by the
atmosphere is much greater near the surface of
the earth than it is at high altitudes. For
example, the pressure of the atmosphere at sea
level is 14.7 psi, while the pressure at 40,000 feet
above sealevel is2.72 psi, and at 60,000 feet is
1 psi.

As an aircraft ascends to higher altitude, the
resulting decrease in atmospheric pressure may
affect flight personnel in several ways. The most
noticeable effect isin breathing.

Breathing is a mechanical process that depends
heavily on atmospheric pressure. When a person
inhales, he automatically raises his ribs and
depresses his diaphragm so that the chest cavity
isenlarged. Thisreduces the air pressure within
the cavity below that of the atmosphere outside.
Air is thus pushed into the lungs. When he
exhales, he reduces the chest cavity, increasing the
pressure within it. This pushesthe air out of the
lungs.

When low atmospheric pressures are en-
countered, the lungs are not filled so completely
when inhaling. With lower density, a person gets
fewer molecules of air in each breath. If he gets
fewer molecules of air in each breath, he also gets
fewer molecules of oxygen, and no person can live
unless he gets a sufficient amount of oxygen.

This problem may be solved up to certain
altitudes by the proper use of oxygen equipment;
however, at extremely high altitudes (above 35,000
feet), the atmospheric pressure is so low that the
pressure of the blood and other liquids in the body
are no longer balanced. The human body then
tends to burst. In some cases, blood vessels near



the surface may burst, causing hemorrhages in the
ears, eyes, and breathing passages.

The outside air temperature also changes with
atitude. For example, at approximately 18,000
feet the outside air temperature will be — 4°F
(= 20°C), and at approximately 37,000 feet the
outside air temperature will be — 67°F ( — 55°C).
Above 37,000 feet the air continues to thin, but
the air temperature will remain constant for
several miles and then begin to rise slowly. Thus,
the lowest outside air temperature to be
encountered by an aircraft would occur at a height
of about 7 miles.

NOTE: The conversion formula for con-
verting Fahrenheit to Celsius (centigrade)
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Conversion of a Celsius temperature to a
Fahrenheit reading is accomplished using the
following formula:
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For example, — 55°C is converted as
2(=55) +32= 99 + 32 = —67°F.

Remember not to drop the + and — signs when
converting.

These variations in outside air temperature and
atmospheric pressure are considered by the air-
craft manufacturer when designing the aircraft.

ATMOSPHERIC CONSIDERATIONS

Pressurization and air conditioning of aircraft
are necessary at high atitudes. With operational
ceilings now in excess of 50,000 feet, flight
personnel, and in some cases aircraft components,
are supplied with an artificia means of maintain-
ing a reasonable pressure around the entire body
and/or equipment. This is done be sealing off the
entire cabin/cockpit and any equipment area that
may require pressurization and maintaining an in-
side air pressure equivalent to that at substantially
lower altitudes. This is known as the pressurized
cabin, cockpit, or compartment, as applicable.
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In addition to pressurizing them, the cabin,
cockpit, and some compartments are also air-
conditioned if the aircraft is to fly at high speeds.
This requirement is partly due to the difference
in temperatures at various altitudes and also
aerodynamic heating. For example, an aircraft
flying at supersonic speeds at an altitude of 35,000
feet may generate a temperature on its skin of
200°F, and twice that temperature at altitudes
near sea level.

In addition to aerodynamic heating, other
factors affecting cabin/cockpit temperatures are
engine heat, heat from the sun (solar heat), heat
from the electrical units, and heat from the body.
Through research and tests, it was determined that
the average total temperature of these five heat
sources will raise the cabin/cockpit temperature
to approximately 190°F (88°C). Through ex-
periments it was determined that the maximum
temperature that a person can withstand and
maintain efficiency for extended periods is 80°F
(27°C); therefore, air conditioning of the
cabin/cockpit area is just as essential as
pressurization. Under low-speed operating con-
ditions at low temperature, cabin/cockpit heating
may be required.

The proper operation of much of todays air-
craft electronic equipment is also dependent on
maintaining a reasonabl e operating temperature
that will prolong the life of various components.
In most cases equipment cooling is provided by
teeing off with ducting from the cabin/cockpit
system. On other aircraft a separate cooling
system may be used primarily for equipment
cooling.

ENVIRONMENTAL
CONTROL SYSTEMS

Learning Objective: Recognize the need for
environmental control systems.

The combined pressurization and air con-
ditioning of the cabin is the function of the air-
craft pressurization and air-conditioning system;
a system now in al naval aircraft. The inspection
and maintenance of this system is one of the
important duties of the AME. There are five
requirements necessary for the successful
functioning of a pressurization and air-
conditioning system.

1. The cabin must be designed to withstand
the necessary pressure differential. This is



primarily an airframe engineering and manufac-
turing problem.

2. There must be a means of limiting the
maximum pressure differential to which the cabin
walls will be subjected. Thisis provided by the
cabin safety valve.

3. The aircraft must have an adequate supply
of compressed air. Thisis provided through the
compressor section of the jet engine. A separate
compressor or supercharger is used on aircraft
having reciprocating engines. On al jet aircraft,
the air is taken directly from the compressor
section of the jet engine. Thisis generdly referred
to as bleed air.

4. There must be a means of cooling the bleed
ar before it enters the cabin. Thisis provided by
an aircraft refrigeration unit.

5. There must be a means of controlling the
cabin pressure. This is provided by the cabin
pressure regulator, which regulates the outflow
of air from the cabin.

In addition to the magjor components, various
valves, controls, and other allied units are
necessary to complete an aircraft pressurization
and air-conditioning system. The design, construc-
tion, and use of these components may vary
somewhat with different manufacturers; however,
the systems on al jet aircraft operate on the same
principles. The system used as an example in this
text isin the F-18 aircraft.

The environmental control systems of most
aircraft include cabin air conditioning and
pressurization, equipment cooling, defogging,
windshield washing and rain removal, and equip-
ment pressurization subsystems.

Coverage in this section is limited to air cycle
cabin and equipment pressurization and air
conditioning.

BLEED-AIR SYSTEM

Bleed air is supplied by the last compressor
section of each engine (fig. 3-1, afoldout at the
end of this chapter). This bleed air flows from
the engines through two engine bleed-air pressure
regulation and shutoff valves. The valves are
spring-loaded closed when the system isnot in use.
When air conditioning is selected, the valves open
and regulate bleed air to a predetermined pressure.
The bleed air then passes through two engine
bleed-air check valves, which prevent reverse flow
from one engine to the other. At this point the
bleed air from both engines enters a common duct
and flows through the engine bleed-air secondary
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pressure-regulating and shutoff valve. This valve
is spring-loaded open and regulates the pressure
of the combined flow of bleed air from both
engines. The regulated bleed air then flows into
the primary heat exchanger of the ACS.

There are two overpressure switches (primary
and secondary) incorporated in the system to
prevent overpressure damage to system com-
ponents in case of a pressure regulator mal-
function. An air isolation valveislocated in the
system to provide a means of providing bleed air
to the ACS when required and during cross
starting of engines. These bleed-air components
are discussed in the following paragraphs.

Engine Bleed-Air Pressure Regulation
and Shutoff Valve

These two valves (fig. 3-1) act as system
shutoff valves when air conditioning is not
required. They are spring-loaded closed. When
air conditioning is selected, an electric solenoid
is energized, which unseats a poppet from the vent
line. As air flows from the engine, a line
downstream of the butterfly valve routes a small
amount of the bleed air to the butterfly
diaphragm. This air is called control air since its
action on the diaphragm is the controlling force
for the valve. As pressure builds on the
diaphragm, it overcomes spring pressure holding
the butterfly closed and the valve opens. Asthe
bleed air passes through the valve, another line
upstream of the butterfly routes bleed air to the
regulator portion of the valve. As pressure builds
and overcomes spring pressure, a poppet is
reseated, allowing some of the control air pressure
from the open side of the butterfly diaphragm to
bleed off. Spring pressure can now start closing
the butterfly, thus lowering the bleed-air pressure
downstream of the butterfly. In this manner
bleed-air pressureis controlled to 75 + 15 psi.

Engine Bleed-Air Check Valve

These dual-flapper check valves are located
downstream of the pressure regulator and shutoff
valves (fig. 3-1). They prevent cross-flow of bleed
air from one engine to the opposite engine in the
event of single engine operation.

Engine Bleed-Air Secondary
Pressure-Regulating And Shutoff Valve

This valve is located in the common ducting
upstream of the bleed-air check valves (fig. 3-1).



It operates in the same manner as the two engine
pressure regulation and shutoff valves with the
following exceptions. The valve is normally
spring-loaded open and regulates at a set pressure
of 110 £ 5 psi, thus acting as a safety regulator
in the event one or both engine regulators fail and
allow pressure to build up in excess of system
design.

Primary Bleed-Air Overpressure Switch

This switch is located downstream of the
bleed-air check valves (fig. 3-I). This switch
activates at 250 psi and provides a signal to the
Digital Display Indicator (DDI). The DDI is
located in the nosewheel well of the aircraft and
stores failed systems/component code numbers.
These code numbers are used in troubleshooting
the aircraft after flight, and aids in pinpointing
malfunctions rapidly.

Secondary Bleed-Air Overpressure Switch

The pressure switch is mounted in the ducting
downstream of the secondary bleed-air regulator.
If bleed-air pressure at this point exceeds 150+10
psi, the overpressure switch provides a signa to
close the three pressure regulator and shutoff
valves as well as store afailed system code number
in the DDI.

Air Isolation Valve

The sir isolation valve serves two purposes.
First, it is used to cross start engines. After
starting one engine on the auxiliary power unit
(APU) or ground air, with the APU switch in the
off position, the engine crank switch will
automatically open the air isolation valve when
starting the other engine. Bleed air from the engine
running is routed through the air isolation valve
to the engine starter control valve (fig. 3-1) of the
engine to be started. As the engine accelerates to
a self-sustaining speed, the switch automatically
returns to the off position. The air isolation valve
is then closed by spring pressure.

The air isolation valve can also be used to
route APU air to augment the bleed-air supplv
to the air-conditioning system at times when
engine output is low. This could be when waiting
to launch, with engines at idle power and air
temperatures high and humid.

3-4

BLEED-AIR LEAK DETECTION

The bleed-air leak detection system warns the
pilot of aleak in the bleed-air distribution lines
or shuts down the system, as necessary. The leak
detection system consists of a control unit and
nine detectors. When one of the detectors senses
an overheat condition, it sends a signal through
the control unit. The control unit signals the
respective bleed-air pressure regulator to close and
lights a warning light on the advisory panel in the
cockpit, giving the location of the detector
sensing the overheat condition.

AIR CYCLE AIR-CONDITIONING
SYSTEMS

Learning Objective: Recognize the
operating principles and components of air
cycle air-conditioning systems (ACS).

Most naval aircraft are designed with an air
cycle ACS because it is efficient for the weight
and space required and is relatively trouble free.
The name air cycle or air-to-air comes from the
principle of cooling the air without the use of
refrigerants by compression and expansion of hot
bleed air. The F-18 air cycle ACS is an example
of this type system (fig. 3-2, a foldout at the end
of this chapter).

SYSTEM OPERATION

The air cycle ACS was designed to operate by
passing hot engine bleed air through the primary
heat exchanger where ram air, forced across the
heat exchanger by the aircrafts forward motion,
absorbs heat from the bleed air, reducing the air
temperature. On the ground and during low-speed
operation, ram air is pulled across the heat
exchangers by hot air gected into the heat
exchanger exit ducts by the primary and secondary
heat exchanger gectors. The cooled bleed air then
passes to the flow modulating system pressure
regulator valve where, controlled by electrical and
pneumatic sensors, the downstream pressure is
maintained by regulator modulation. The air
enters the compressor end of the refrigeration
turbine/compressor assembly where it is com-
pressed to approximately twice itsinlet temper-
ature. The compressed air enters the secondary
heat exchanger where ram air absorbs the
heat acquired through compression. From the
secondary heat exchanger, air enters the refrigera-
tion cycle. The cycle is made up of a reheater heat



exchanger and a condenser/vent suit heat
exchanger and water extractor, which removes 90
percent of the moisture content through repeated
heating and cooling. The conditioned dry air is
transported to the turbine end of the refrigeration
turbine/compressor assembly where it is cooled
by rapid expansion. Both the turbine and
compressor are protected from overheat damage
by the turbine and compressor protective temper-
ature sensors. As the cold dry air leaves the
turbine, it is mixed with warm air from the
environmental control and related systems, and
then it is routed to cockpit and avionics
compartments to satisfy environmental control
requirements. Air cycle ACS components are
discussed in the following paragraphs.

Primary Heat Exchanger

The primary heat exchanger (fig. 3-2) is a
cross-flow, air-to-air heat exchanger that uses ram
air to initially cool hot engine bleed air. It operates
on the same principle as the radiator in an
automobile with the bleed air replacing the liquid.
Hot bleed air is transported through the heat
exchanger core where ram air, forced across the
core by aircraft forward motion, absorbs the heat
from the bleed air, reducing the air temperature.
During ground and low-speed operation, cooling
air is pulled across the heat exchanger core by
giecting hot air into the heat exchanger exit duct.
The gjected air is controlled by the primary
giector valve in response to signals from the Air
Data Computer (ADC). The cooled air exiting the
heat exchanger is divided into two ducts that
provide air at varying temperatures for use in
related systems. The temperature difference
occurs because of the distance the bleed air travels
through the heat exchanger core.

Primary Ejector Valve

The primary gjector valve is a normally open,
in-line poppet, pneumatically actuated, solenoid-
controlled shutoff valve. The valve controls the
flow of bleed air to the primary heat exchanger
gjector in the primary heat exchanger exit duct.
The hot bleed air flowing through the gjector
nozzles causes an area of low pressure to form
at that point. This causes ambient air to flow
across the core of the heat exchanger from the
high pressure side to the area of low pressure. The
valve is controlled by an electrical signal from the
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ADC. At airspeeds below 100 knots, the ADC
provides an electrical ground that energizes the
primary eector control relay to remove power
from the valve solenoid, alowing differential
pressure to hold the valve open. At airspeeds
above 100 knots, the ADC ground is lost. This
de-energizes the primary gjector control relay to
apply power to the valve solenoid, allowing spring
tension to close the valve.

Flow Modulating System
Pressure Regulator Valve

The flow modulating system pressure regula-
tor valve is a combination butterfly, modulating
valve, and solenoid shutoff valve. The modulating
valve is normally open and pneumatically
actuated. The valve is in the distribution ducting
between the primary heat exchanger and the
refrigeration turbine/compressor assembly. The
valve uses electrical signals from the avionics
temperature/flow sensor by way of the ACS
temperature/flow controller to modulate down-
stream pressure. The valve is also connected
pneumatically to the turbine and compressor
protective temperature sensors, which override all
other valve functions to close the valve to
protect the refrigeration turbine/compressor
assembly from heat damage during overtemper-
ature conditions. The solenoid shutoff is con-
trolled by the environmental control system (ECS)
mode switch, which allows the valve to be opened
or closed by dumping control air from the butter-
fly digphragm chamber. The valve also includes
a visua position indicator. The indicator is built
into the valve housing and shows the position of
the butterfly.

Avionics Ram Air Servo

The avionics ram air servo monitors the
differential pressure of bleed air upstream and
downstream of the flow modulating system
pressure regulator valve. If the upstreampre’ .ure
is less than 35 psi and the differential pressureis
less than 10 psi, the avionics ram air servo drives
the avionics ram air valve open. If downstream
pressure is less than 4 psi, the avionics ram air
servo drives the avionics ram air valve open. The
operation of this valve, though not a part of the
ACS, ensures that avionics will receive sufficient
cooling air in the event of alow or no airflow
condition from the ACS.



Compressor Protective Temperature Sensor

The compressor protective temperature sensor
is a pneumatic bleed off thermostat, which
contains a fluid-filled sensing element and a ball
metering valve. The unit is in the duct up-
stream of the turbine/compressor assembly. The
thermostat is connected pneumatically to the flow
modulation system pressure regulator valve and
responds to air temperature. As the air temper-
ature increases, the fluid in the sensing element
expands and opens the ball metering valve, which
vents control pressure from the flow modulating
valve. This causes the regulator to close, de-
creasing the bleed-air flow, which slows the rpm
of the turbine assembly, thus protecting it from
damage because of overtemperature.

Turbine Protective Temperature Sensor

The turbine protective temperature sensor is
identical to the compressor protective temperature
sensor except for calibrated temperature and
location. The turbine protective temperature
sensor isin the turbine inlet duct.

Secondary Heat Exchanger

The secondary heat exchanger is a cross-flow,
air-to-air heat exchanger. Hot, high-pressure air,
discharged from the compressor end of the
refrigeration turbine/compressor assembly, is
transported through the core of the heat
exchanger where ram air, augmented by water
spray, is forced across the core by aircraft
forward motion, absorbing heat from the air and
reducing the air temperature. During ground and
low-speed operation, cooling air is pulled across
the heat exchanger core by gjecting hot air into
the heat exchanger exit duct. The gected air is
controlled by the secondary ejector valve in
response to signals from the ADC.

Secondary Ejector Valve

The secondary gjector valve is a normally open
in-line poppet, pneumatically actuated, solenoid-
controlled shutoff valve. The valve controls the
flow of bleed air to the secondary heat exchanger
gector in the secondary heat exchanger exit duct.
The valveis controlled by an electrical signal from
the ADC. At airspeeds below 165 knots, this valve
operates on the same principle as the primary
gjector valve.
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Water Spray Nozzle

The water spray nozzle is used to form a mist
in the secondary heat exchanger ram air inlet,
which aids in cooling the air. Water is extracted
from the conditioned air in the water extractor.
The water is transported to the water spray
nozzle into the secondary heat exchanger ram air
inlet. The nozzle directs a jet of water onto a pin,
forming a fine sheet of water before breaking up
into a mist. The mist is forced across the heat
exchanger with the ram airflow.

Reheater Heat Exchanger

The reheater heat exchanger is a single-pass,
cross-flow, air-to-air heat exchanger. The reheater
heat exchanger cools air from the secondary heat
exchanger before moisture removal in the
condenser/vent suit heat exchanger and water
extractor and simultaneously reheats the dried air
before expansion through the turbine end of the
refrigeration turbine/compressor assembly. The
function of the reheater is to decrease the amount
of cooling provided by the condenser heat
exchanger and increase turbine inlet temperature,
which results in increased turbine power.

Condenser/Vent Suit Heat Exchanger

The condenser/vent suit heat exchanger is a
cross-flow, air-to-air heat exchanger, which
uses cold turbine discharge air from the
refrigeration turbine/compressor assembly to cool
and condense moisture from the bleed air before
circulation through the water extractor. The heat
exchanger inlet receives partially cooled air from
the hot side of the reheater and directs it across
the condenser core where it is cooled until the
water vapor is condensed into large size droplets.
The air and water droplets are directed to the
water extractor. A separate vent suit heat
exchanger is in the condenser assembly. The vent
suit heat exchanger receives dry air from the water
extractor and cools it by heat exchange with
turbine exhaust air for use in the vent suit system.

Water Extractor

The water extractor is an in-line, integral duct
device that uses a helix and a water shave-off
collector. Moisture-laden air from the condenser
enters the water extractor and is given a swirling
motion by the helix. The heavy water particles are
centrifuged to the duct wall and shaved off into



the annular section between the duct wall and re-
entrant discharge duct. Approximately 3 percent
of the total airflow is also shaved off as scavenge
air. The scavenge air/water enters the outer
chamber, which is surrounded by a perforated
muff. In this chamber the water droplets are
separated from the scavenge air. The dry scavenge
air flows into an end chamber, through a baffle
and out through the scavenge port. The water
flows through the perforations into a sump and
out through the drain port to the water spray noz-
zle where it is used to augment ram air cooling
in the secondary heat exchanger.

Refrigeration Turbine/
Compressor Assembly

The refrigeration turbine/compressor assem-
bly is a centrifugal compressor with a turbine
wheel mounted at each end of a common shaft.
The compressor end receives partially conditioned
air from the flow modulating system pressure reg-
ulator valve, where it is compressed to approx-
imately double its inlet value. The air is
transported through the secondary heat ex-
changer, reheater heat exchanger, condenser/vent
suit heat exchanger, and water extractor before
entering the turbine end of the refrigeration
turbine/compressor assembly. The conditioned,
dry air flows through turbine nozzles to the
turbine wheel where heat energy is changed to
mechanical energy, driving the compressor. The
expanded, cold air exhausting from the turbine
is transported back through the reheater heat
exchanger, into ducting, where it is used for
environmental control.

Anti-lce Add Heat Valve

The anti-ice add heat valves is a normally
closed, electrically controlled, pneumatically
actuated, modulating valve. The valve is between
the windshield anti-ice/rain removal manifold and
the turbine outlet. The valve is controlled by
electrical signals from the ACS temperature/flow
controller and differential pressure sensed across
the condenser/suit vent heat exchanger. This valve
maintains the turbine outlet temperature as
required to prevent icing by adding hot air to the
conditioned, cold air.

SYSTEM TESTING

Air-conditioning test sets (testers) are used
to test ACSs for proper operation and to
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troubleshoot system malfunctions. Some newer
aircraft being introduced into the fleet have an
arcraft installed tester. This built-in tester (BIT)
performs many tests of the system in flight. The
following is an example of the F-18 automatic test
sequence.

The ACS BIT starts when electric power is
applied to the ACS temperature/flow controller.
In-flight BIT is a complete sequence of tests on
the ACS temperature/flow controller and 10
electricaly interfacing components. Nine seconds
are required for a complete BIT sequence, and
the BIT sequence is repeated every 90 seconds.
If the same test indicates a falure on two
consecutive BIT sequences, the BIT processor
removes a ground from the signal data converter,
and a maintenance code is recorded. After a
maintenance code is recorded, BIT is inhibited
until electrical power is removed and reapplied.
When the aircraft is on the ground, BIT operation
is the same as in-flight BIT except that only part
of the BIT sequence is performed.

BIT tests the flow modulating system pressure
regulator valve to produce the following
indications:

BIT tests for OPEN CIRCUITS in the valve
torque motor and position feedback transducer
during any mode of operation, and will produce
afallure signal if an open circuit is detected.

BIT testsfor VALVE STUCK OPEN condi-
tion by comparing a high avionics airflow
condition with a high torque motor current
(closing signal to valve). When both of
these indications exist, a failure signal is
produced.

BIT tests for VALVE STUCK CLOSED
when airflow to the cabin and avionics are low.
The BIT failure signal is inhibited if the valve
position transducer indicates the valve is full
open.

COMMON AIR-CONDITIONING
COMPONENTS

Some components and hardware are com-
mon to all ACSs. Bleed-air ducting is manu-
factured from stainless steel and can withstand
pressures up to 450 psi and temperatures up to
800°F (425°C). These ducts are covered with



high-temperature insulation (fig. 3-3) to protect
aluminum structures and electrical lines near the
ducting. Bellows assemblies are manufactured for
two functions. The tolerance compensator
(fig. 3-4) can be adjusted in length and allows for
easier removal and replacement of the bleed-air

duct. The thermal compensator (fig. 3-5) alows ]
for thermal expansion throughout the bleed-air
ducting. To support and brace the ducting,
flexible mounting brackets are used (fig. 3-6). The
use of these and other types of support brackets
will vary with location and type of duct used. Air-
conditioning distribution lines are manufactured
from auminum alloy and are subjected to
relatively low pressures and temperatures.
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A variety of clamping devices are used
in connecting aircraft environmental control
system ducting sections to each other or
to various components. Whenever lines, com-
ponents, or ducting are disconnected or re-
moved for any reason, install plugs, caps,
or coverings on the openings to prevent
the entry of foreign materials. Tag the various
parts to ensure correct reinstallation. Care
should be exercised during handling and installa-
tion to ensure that flanges are not scratched,
distorted, or deformed. Flange surfaces should
be free of dirt, grease, and corrosion. The
protective flange caps should be left on the
ducting until the installation progresses to the
point where removal is necessary to continue with
the installation.

In most cases it is mandatory to discard and
replace seals and gaskets. Ensure that seals and
gaskets are properly seated and that mating and
alignment of flanges are fitted so that excessive
torque is not required to close the joint and
impose structural loads on the clamping device.
Adjacent support clamps and brackets should
remain loose until installation of the coupling has
been completed.

Marman type clamps commonly used in
ducting systems should be tightened to the torque
value indicated on the coupling. Tighten all
couplings in the manner and to the torque value as
specified on the clamp or in the applicable MIM.

Some of the most commonly used plain band
couplings (flexible line connectors) are illustrated
in figure 3-7. When installing a hose between two
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duct sections, as illustrated in figure 3-7, the gap
between the duct ends should be 1/8 inch
minimum to 3/4 inch maximum. When install-
ing the clamps on the connection, the clamp
should be 1/4 inch minimum from the end of the
connector. Misalignment between the ducting
ends should not exceed 1/8 inch maximum.

When installing flexible line connectors, such
as the one illustrated in figure 3-8, follow the steps
listed below to assure proper instalation and
security:

1. Fold back half of the sleeve seal and dlip
it onto the sleeve.

Slide the sleeve (with the sSleeve sedl
partially installed) onto the line.

Position the split sleeves over the line
beads.

Slide the deeve over the split deeves and
fold over the sleeve seal so that it covers the
entire sleeve.

Install the coupling over the sleeve seal and
torque to correct value.

NOTE: Torque values for the various sizes
and types of couplings maybe found by referring
to the applicable MIM. Some couplings will have
the correct torgue value marked on the outside
of the band.

When installing rigid line couplings, follow
the steps listed below and illustrated in fig-
ure 3-9:

1. Slip the V-band coupling over the flanged
tube.

2. Place a gasket into one flange. One quick
rotary motion assures positive seating of the
gasket.

3. Hold the gasket in place with one hand
while the mating flanged tube is assembled into
the gasket with a series of vertical and horizontal
motions to assure the seating of the mating flange
to the gasket.

NOTE: View B of figure 3-9 illustrates the
proper fitting and connecting of a rigid line
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Figure 3-8—Ingtallation of flexible line connectors.

coupling, using a metal gasket between the
ducting flanges.

4. While holding the joint firmly with one
hand, install the V-band coupling over the two
flanges.

5. Press the coupling tightly around the
flanges with one hand while engaging the latch.

6. Tighten the coupling firmly with aratchet
wrench. Tap the outer periphery of the coupling
with a plastic mallet to assure proper alignment
of the flanges in the coupling. Thiswill seat the
sealing edges of the flanges in the gasket. Tighten
again, making sure the recommended torque is
not exceeded.

7. Check the torque of the coupling with a
torque wrench and tighten until the specified
torque is obtained.
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Figure 3-9—Ingtallation of rigid line couplings.
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CABIN COOLING AND
ANTIFOG SYSTEMS

Learning Objective: Recognize the com-
ponents and functions of cabin cooling and
antifog systems.

The F-18 aircraft cabin cooling and antifog
system (fig. 3-10) controls and transports
conditioned air to the cabin. Conditioned
air from the air cycle ACS is transported
to the cabin flow valve where cabin inlet
airflow is controlled by signals from the
cabin airflow/temperature sensor through the
ACS temperature/flow controller. Air leaving
the cabin flow valve is mixed with hot air
from the cabin add heat valve through signals
from the suit/cabin temperature control, cabin
airflow/temperature sensor, and the ACS
temperature/flow controller. The conditioned
air is divided between cabin air and wind-
shield defog air by the cabin defog plenum
distribution valve through the control handle
and linkage and push-pull control.

Cabin cooling and antifog components
are discussed in the following paragraphs.

CABIN FLOW VALVE

The cabin flow valve is a normally open,
electropneumatically controlled modulating valve.
The valve responds to signals from the cabin
airflow/temperature sensor and the ACS
temperature/flow controller to maintain cabin
inlet airflow at a differential pressure above
cabin pressure. A control circuit in the ACS
temperature/flow controller compares the signal
from the cabin airflow/temperature sensor
with a preset reference and produces the
required signal to modulate the cabin flow
valve to satisfy the flow requirements. A
position indicator is visible on the valve
body.

CABIN ADD HEAT VALVE

The cabin add heat valve is an electro-
pneumatic, butterfly, modulating valve. The valve
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modulates hot airflow into the cabin inlet
duct in response to electrical signals from
the cabin airflow/temperature sensor through
the ACS temperature/flow controller and
suit/cabin temp control. As cabin inlet air
temperature decreases to below the required
level, as selected by the suit/cabin temp
control, the cabin airflow/temperature sen-
sor and ACS temperature/flow controller
provide an electrical signal to the valve torque
motor, allowing regulated air pressure to
open the valve. When electrical current to
the valve is below a minimum, the valve
is held closed by spring pressure. If a cabin
air supply overtemperature occurs, the cabin
air overtemperature sensor vents control pres-
sure from the valve, alowing it to close. A
position indicator is visible on the valve
body.

CABIN AIR OVERTEMPERATURE
SENSOR

The cabin overtemperature sensor is a
pneumatic bleedoff type. It isinstalled in the cabin
distribution duct downstream of the cabin add
heat valve. At a preset temperature, the expansion
bellows unseats a ball. Control head pressure is
vented overboard allowing the cabin add heat
vave to close.

ECS RAM AIR ACTUATOR
ASSEMBLY

The actuator part of the ram air system
supplies mechanical force to extend the ram air
scoop. The actuator is connected to the ram air
scoop through linkage. It is held closed when air
pressure is applied and the ECS ram air solenoid
is de-energized. The actuator opens when there
isaloss of air pressure or when the solenoid is
energized.

ECS RAM AIR SOLENOID
ASSEMBLY

The solenoid assembly is mounted in the duct
upstream of the actuator for the ram air scoop.
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Figure 3-10—Cabin cooling and antifog system.



The solenoid is electrically controlled, and when
energized, it allows air pressure to be vented and
the ram air scoop opens.

CABIN AIRFLOW/TEMPERATURE
SENSOR

The cabin airflow/temperature sensor is a
flow sensor and a temperature sensor in a
single unit. The sensor is installed in the
cabin air inlet duct and provides electrical
signals to the ACS temperature/flow controller
based on air temperature and flow. The electrical
signals are used by the ACS temperature/
flow controller for automatic operation of
the cabin flow valve and cabin add heat
valve.

AUTOMATIC DRAIN VALVE

The automatic drain valve, located in the cabin
air supply duct, is open to drain moisture from
the supply duct. The valve closes when air pressure
is applied to the system.

CABIN DEFOG PLENUM
DISTRIBUTION VALVE

The cabin defog plenum distribution valve,
located in the cabin inlet duct, is a man-
ually controlled valve that divides the flow
of cabin inlet air between cabin cooling
and windshield defog. The valve contains
two movable, shaft-mounted cones that reg-
ulate airflow. Movement of one cone causes
an equal and opposite movement of the
other cone. This causes an increase in one
volume of air and a decrease in the other.
The valve is controlled by the cockpit-mounted
control handle and linkage, through the push-pull
control.

CONTROL HANDLE AND LINKAGE

The control handle and linkage allows the pilot
to set the cabin defog plenum distribution valve
to control the flow of windshield defog and cabin
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cooling air. An electrical limit switch is installed
in the control handle housing. The switch is
activated when the handle is within 10 percent of
HIGH defog. When activated, the switch sends
asignal to the ACS temperature/flow controller
to increase the temperature of the defog air by
opening the cabin add heat valve.

PUSH-PULL CONTROL

The push-pull control connects the control
handle and linkage with the cabin defog plenum
distribution valve. Movement of the control
handle and linkage is transmitted to the cabin
defog plenum distribution valve by the push-pull
control.

SUIT/CABIN TEMPERATURE
CONTROL

The suit/cabin temp control contains two
dual section potentiometers. The potentiometers
have an outer shaft and control knob for
cabin temperature control and an inner shaft
and control knob for vent suit temperature
control. The cabin temperature control potenti-
ometer provides electrical signals to the ACS
temperature/flow controller for automatic
temperature control and directly controls the
position of the cabin add heat valve for manual
temperature control.

AUTOMATIC TEMPERATURE
CONTROL

Automatic temperature control is selected
by setting the ECS mode switch to AUTO.
In the auto mode, the pilot selects the cabin
temperature by adjusting the cabin knob
of the suit/cabin temp control. The ACS
temperature/flow controller produces a ref-
erence signal in relation to the setting selected
on the suit/cabin temp control. A control
circuit in the ACS temperature/flow controller
compares a signal from the temperature
sensing element of the cabin airflow/temper-
ature sensor with the reference signal and
modulates a control signal to the cabin add



heat valve to maintain the selected temper-
ature.

MANUAL TEMPERATURE CONTROL

Manual temperature control is selected by
setting the ECS mode switch to MAN. In the
manual mode, adjusting the cabin knob of the
suit/cabin temp control determines the control
signal sent to the cabin add heat valve.

EQUIPMENT COOLING SYSTEMS

Learning Objective: Recognize the source
for avionics cooling air; identify com-
ponents of avionics cooling systems and the
function of each component.

As electronics and avionics in naval aircraft
became more common and more sophisticated,
it was discovered that the heat generated by this
equipment was becoming excessive for proper
operation. A means of keeping the avionics at a
proper operating temperature was needed. To
overcome this problem, some aircraft have.
separate ACS for equipment cooling, while
others use conditioned air diverted from the
environmental ACS.

If the equipment ACS is an air-to-air type, its
operation is the same as the environmental ACS
discussed at the beginning of this chapter. Only
operating temperatures will be different. The
other type of equipment air conditioning (vapor
cycle) operates on the same principal as a home
ACS and will be discussed later in this chapter.

AIR-TO-AIR SYSTEM

The F-18 aircraft avionics cooling system (fig.
3-11, a foldout at the end of this chapter)
controls and transports conditioned air to the
various avionics packages and equipment bays.
Conditioned air from the air cycle ACS is
transported to the avionics flow valve where
inlet pressure and airflow is controlled in response
to signals from the avionics flow/temperature
sensor through the ACS temperature/flow
controller. Airflow rates are matched to the
individual cooling requirements of each equip-
ment package or bay.
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Ground cooling of the avionics equipment
baysis provided by an avionics ground cooling
fan. The cockpits avionics equipment cooling is
done by four cockpit avionics cooling fans, two
in the forward cockpit and two in the rear cockpit.

Emergency ram air cooling for essential
avionics equipment is provided by an emergency
ram air scoop and avionics ram air valve.

The avionics cooling components are discussed
in the following paragraphs.

Avionics Airflow Valve

The avionics airflow valve is a normally open,
pneumatically actuated and controlled pressure
regulating valve. The valve is in the avionics
supply line and maintains a pressure differential
of 1.5 ps between an externally sensed upstream
duct pressure and an externally sensed cabin duct
pressure. Actuator spring pressure holds the valve
butterfly to full open. Cabin pressure is sensed
on one side of the control diaphragm and
upstream valve pressure is sensed on the other
side. If no pressure is applied to the control
diaphragm, the feedback spring holds the control
nozzle closed. Any external supply pressure
applied under this condition overrides the actuator
spring pressure and closes the valve.

Avionics Flow/Temperature Sensor

The avionics flow/temperature sensor is made
up of a flow sensor and temperature sensor
enclosed in a single unit. The sensor is in the
supply line downstream of the avionics airflow
valve. The sensor provides signals to the flow
sensing and anti-ice temperature sensing bridges
in the ACS temperature/flow controller for
automatic operation of the flow modulating
system pressure regulator valve and anti-ice add
heat valve.

Avionics Ram Air Valve

The avionics ram air valve is a normally open,
pneumatically closed, remote-controlled shutoff
valve. It is between the secondary heat exchanger
ram air inlet and the avionics supply line. The
valve provides ram air augmentation for avionics
cooling if cooling airflow drops below an
established limit. The valve is closed by



pneumatic pressure and is opened by pneumatic
signals from a remotely located avionics ram air
servo. Pressure is supplied from the servo to hold
the valve closed. When externally supplied
pressure from the servo drops below a specified
value, the valve opens and supplies ram air.

ECM Cooling Air Control Valve

The ECM cooling air control valveis atwo-
position solenoid controlled valve. The valve
provides a high flow of cooling air to the
electronic countermeasure (ECM) package when
de-energized and a low flow when energized. The
valve is energized when the ECM mode switch on
the ECM control panel assembly is selected to
OFF or STBY.

Avionics Ground Cooling Fan

The avionics ground cooling fan is an
electrically driven axial flow fan that provides a
flow of ambient air for direct avionics cooling
during aircraft ground operation, taxi, takeoff,
and landing. The fan is in the nose wheelwell and
is powered by an induction motor.

Avionics Ground Cooling Fan Check Valve

The avionics ground cooling fan check valve
is made up of two spring-loaded flappers hinged
around a central shaft. The check valve is located
between the upper and lower plenums, and it
functions to prevent cooling air from escaping
through the avionics ground cooling fan during
flight.

Avionics Fan Control Pressure Switch

The avionics fan control pressure switchisa
pneumatically operated switch in the ducting
downstream of the primary heat exchanger. This
switch controls the avionics ground cooling fan
operation to provide supplemental air for avionics
equipment cooling.

Emergency Ram Air Scoop

The emergency ram air scoop is a spring-
loaded scoop on the forward fuselage. The scoop
is held closed by a solenoid, which releases the
scoop when energized. A linkage arrangement,
connected to the scoop, closes a flapper on the
avionics cooling plenum and directs ram air to the
essential avionics when the scoop is opened. The
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FCS cool switch, on the right vertical console,
activates the scoop release solenoid when set to
EMERG.

Avionics Undercool Warning
Temperature Sensor

The avionics undercool/warning temperature
sensor is made up of two temperature sensing
elements, one is self-heated. On detecting an
undercool condition of avionics cooling air, the
sensor sends a signal to the signal data converter,
which displays the AV AIR HOT caution message
on the left digital display indicator.

Avionics Cooling Fans

The two avionics cooling fans in the cockpit
are axia flow fans driven by electric motors. Both
fans operate continuously with any ground power
switchto A ON or B ON or flt cent switch to ON.
Individual cockpit fan operation can be verified
by setting the fan test switch on the fan test
control panel assembly to A LEFT or B RIGHT.

Rear Cockpit Avionics Cooling Fans

The rear cockpit avionics cooling fans are
identical in design and function to the cockpit
avionics cooling fans. Individual rear cockpit fan
operation can be verified by setting the fan test
switch on the fan test control and utility light
panel assembly to A LEFT or B RIGHT.

VAPOR CYCLE AIR-CONDITIONING
SYSTEM

Vapor cycle systems make use of the scientific
fact that a liquid can be vaporized at any
temperature by changing the pressure above it.
Water at sealevel barometric pressure of 14.7 psi
will boil at 212°F. The same water in a closed tank
under a pressure of 90 psi will not boil at less than
320°F. If the pressure is reduced to 0.95 psi by
avacuum pump, the water would boil at 100°F.
If the pressure is reduced further, the water would
boil at a still lower temperature; for instance, at
0.12 psi, water will boil at 40°F. Water can be
made to boil at any temperature if the pressure
corresponding to the desired boiling temperature
can be maintained.

Liquidsthat boil at low temperatures are the
most desirable for use as refrigerants. Com-
paratively large quantities of heat are absorbed
when liquids are evaporated; that is, changed to



a vapor. For this reason, liquid Freon 12 or 22
is used in most vapor cycle refrigeration
units whether used in aircraft or in home air
conditioners and refrigerators.

If liquid Freon 12 were poured into an open
container surrounded by standard sea level
pressure, it would immediately begin to boil at
temperatures above -22°F (-30°C). There
would be a continuous flow of heat from the
warm surrounding air through the walls of the
container to the boiling Freon. Moisture from the
air would condense and freeze on the exterior of
the container.

This open container system would work
satisfactorily insofar as cooling aone is con-
cerned. A drum of Freon could be connected to
a coil and the vaporized Freon piped outdoors.
A system such as this would provide satisfactory
refrigeration, but the cost of continuously
replacing the refrigerant would be prohibitive.
Because of the cost involved, it is desirable to use
the refrigerant over and over. To accomplish this,
additional equipment, over and above that already
mentioned, is required.

Vapor Cycle Theory

Refrigerant used in the vapor cycle re-
frigeration system occurs as both a liquid and as
a vapor. Conversion from aliquid to a vapor will
occur at temperatures above — 21°F ( —34°C) at
sea level. If the refrigerant pressure is increased,
conversion to a vapor will occur at higher
temperatures. Maximum heat transfer efficiency
occurs when the refrigerant is at the boiling point
(the point at which the liquid will vaporize).

The refrigerant must be delivered to the
evaporator as a liquid if it is to absorb large
quantities of heat. Since it leaves the evaporator
in the form of a vapor, some way of condensing
the vapor is necessary. To condense the refrigerant
vapor, the heat surrendered by the vapor during
condensation must be transferred to some other
medium. For this purpose, water or air is
ordinarily used. The water or air must be
at a temperature lower than the condensing
temperature of the refrigerant. At any given
pressure, the condensing and vaporizing
temperature of a fluid are the same. If a
refrigerant that vaporizes at 40°F (5°C) isto be
condensed at the same temperature, water or air
at a lower temperature is needed. Obviously, if
water or air at this lower temperature were
available, mechanical refrigeration would not be
required. As the temperature of available water
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or air is usually always higher than the
temperature of the boiling refrigerant in the
evaporator, the refrigerant must be condensed
after it leaves the evaporator. To condense the
vapor, its pressure must be increased to a point
that its condensing temperature will be above the
temperature of the water or air available
for condensing purposes. For this purpose a
compressor is needed. After the pressure of the
refrigerant vapor has been increased sufficiently,
it may be liquefied in the condenser with
comparatively warm water or air.

In a practical refrigeration circuit, liquid flows
from the receiver to the expansion valve, which
is essentially nothing more than a needle valve.
The compressor maintains a difference in pressure
between the evaporator and the condenser.
Without the expansion valve, this differencein
pressure could not be maintained. The expansion
valve separates the high-pressure part of the
system from the low-pressure part. It acts as a
pressure reducing valve because the pressure of
the liquid flowing through it is lowered. Only a
small trickle of refrigerant fluid flows through the
valve into the evaporator. The valve is aways
adjusted so that only the amount of liquid that
can be vaporized in the evaporator passes through
it.

The liquid that flows through the evaporator
is entirely vaporized by the heat flowing through
the walls of the evaporator. This heat has been
removed from the air being cooled.

After leaving the evaporator, the vaporized
refrigerant flows to the compressor where its
pressure is raised to a point where it can be
condensed by the condenser airflow available.
After being compressed, the vapor flows to the
condenser. Here, the walls of the condenser are
cooled by the water or air; and as a result, the
vapor is liquefied. Heat is transferred from the
condensing vapor to the water or air through the
walls of the condenser. From the condenser the
liquid refrigerant flows back to the receiver, and
the cycle is then repeated.

Operations and Components

The Grumman Aerospace Corporation chose
a Freon 12 vapor cycle ACS to provide avionics
equipment cooling in the E-2 “Hawkeye” aircraft.
This system, the VEAG6-1, is described in this
section. The basic difference between the basic
vapor cycle system and the VEAG-1 system is the
method of compensating for the variations in ram
air temperature and the variation in the flow of



ram air, which is dependent on aircraft speed.
Figure 3-12 is a schematic diagram of the VEA6-1
vapor cycle ACS.

In the E-2 configuration, the vapor cycle
system cools, filters, and distributes avionics
compartment air at a temperature of 38°+5°F.

The system consists of a vapor cycle cooling
scoop assembly, an evaporator group assembly,
and air distribution ducting interconnected by
refrigerant lines and electrical wiring.

The evaporator assembly (fig. 3-13) is a
compact, quick-change package that can be easily
installed, removed, and serviced as a unit.
The assembly is composed of five quick-dis-
connect couplings, two shock mounts; tem-
perature controls, a hydraulic, motor-driven,

PURGE VALVE
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self-lubricating Freon compressor; a receiver; a
subcooler; a thermostatic expansion valve; an
evaporator; hydraulic motor-driven fan; and an
oil separator.

The vapor cycle cooling scoop assembly is
mounted on the top of the fuselage and consists
of a condenser assembly, gector nozzles, an
actuator and flap, and a refrigerant pressure
actuator control switch.

The Freon 12 in the closed system is the
primary coolant. The forced air that is drawn
through the evaporator in a continuous cycle is
the secondary coolant. The electronic equipment
is cooled by the secondary coolant, which removes
heat by direct contact with the equipment to be
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cooled and the transfer of this heat to the primary
coolant through the evaporator assembly.

A header assembly attached to the discharge
side of the evaporator assembly directs the
secondary coolant air to distribution ducts
throughout the electronic equipment compart-
ment. A filter between the header assembly and
the evaporator assembly removes dirt and dust
particles and traps moisture from the air.

The closed system consists of the evaporator
group assembly and the condenser group
assembly. The coolant circulates between the
evaporator group assembly (where it absorbs heat)
and the condenser group assembly where it
discharges or dissipates the heat to the atmosphere
through the vapor cycle scoop.

During flight, ram air flowing through the
scoop cools the condenser group assembly. The
airflow through the scoop is controlled by a
condenser pressure control system. The actuator
in the scoop modulates the airflow through the
scoop to provide sufficient cooling for con-
densation of the refrigerant.

When the aircraft is on the ground with
engines running and ram airflow is insufficient
for cooling, a condenser gector air shutoff valve
opens to permit engine bleed air to discharge
through the gector assembly. The gjector consists
of a set of tubes that permit bleed air to escape
into the ram air duct behind the condenser. The
escaping bleed air creates a negative pressure
(suction) area behind the condenser and causes
ambient air to be drawn into the scoop and across
the condenser.

If the heat |oad applied to the evaporator and
the ram air temperature and flow were constant,
a simple opening would be all that was required
to control the boiling point of the refrigerant
entering the evaporator. Since these three factors
are not constant, they must be compensated for.
In the model VEAG-1 system, if the heat load is
changed, the flow of refrigerant is changed by
using a thermostatic expansion valve in place of
a fixed opening. The pressure of the refrigerant
in the evaporator is maintained constant,
regardless of the refrigerant flow, by varying the
speed of the compressor.

When the EQUIPMENT COOLING switch
is set to ON, solenoid-operated shutoff valves are
energized and hydraulic pressure is directed to the
evaporator fan motor and the compressor motor.
The compressor motor will be automatically shut
off when either aircraft engine is in autofeather
and the landing gear is down. The evaporator fan
motor will continue to operate.
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With the evaporator fan and compressor
motors operating, low-pressure, low-temperature
refrigerant Freon 12 vapor enters the compressor
assembly through the low-pressure line leading
from the evaporator assembly outlet. The vapor
entering the compressor inlet combines with
[ubricating oil that is fed to the compressor. The
oil-refrigerant mixture is compressed to raise its
condensing temperature. From the compressor,
the high-temperature, high-pressure mixture flows
to the oil separator, where the oil is removed from
the refrigerant vapor, filtered, and fed back to
the compressor.

If the refrigerant vapor pressure exceeds
250 £ 5 psi in the line downstream from the oil
separator, the high-pressure cutoff switch will
cause the cockpit EQUIP COOLING caution light
to illuminate and the compressor motor solenoid
valve to shut off hydraulic pressure to the
compressor motor, thus shutting down the
compressor. If the cutout switch failed to operate
properly, the relief valve in the compressor
discharge line would relieve the system of pressure
in excess of 325 psi.

Refrigerant vapor from the oil separator next
enters the condenser assembly where ram air
lowers its temperature and changes the vapor to
a liquid. Refrigerant pressure on the high side of
the system is controlled by regulating the amount
of cooling air flowing across the condenser. A
pressure transducer in the high side refrigerant line
provides a signal to a control amplifier, which,
in turn, causes the control actuator and flap to
open and close as necessary to regulate pressure.
The system is calibrated so that the condenser flap
is fully closed when high side pressure is 107+ 3
psi; fully opened at 151 + 3 psi condensing
pressure; and modulates the flap travel for
Intermediate pressures within that range.

If the cooling air is inadequate to maintain the
pressure at 151 + 3 psi with the flap fully open,
the system pressure will exceed the control range.
When the pressure reaches 250 + 5 pdi, the high-
-pressure cutout switch will shut down the vapor
cycle system.

From the condenser assembly, liquid Freon
flows to the receiver in the evaporator group
assembly. The receiver stores surplus refrigerant
and thereby prevents surges in the refrigerant flow
rate. Liquid refrigerant flowing from the receiver
passes through a subcooler and then through a
filter drier, where foreign matter and water
are removed. Before entering the thermostatic
expansion valve, the liquid refrigerant passes
through a sight glass, which provides a visual



indication of flow and proper refrigerant charge.
The refrigerant is metered by the thermostatic
expansion valve, and then enters the evaporator
assembly. The hydraulic motor-driven evaporator
fan forces warm electronic equipment compart-
ment air through the evaporator assembly, where
it iscooled by transfer of heat to the refrigerant.
The refrigerant leaves the evaporator as a
superheated vapor.

The temperature of evaporator discharge air
to the equipment compartment is controlled by
controlling the speed of the compressor motor.
The evaporator pressure control system maintains
the refrigerant pressure within a specified range
so that the average temperature range of the
refrigerant is between 29.8° and 32.9° + 0.6°F.
This temperature range consequently controls air
temperature to approximately 38°. The difference
between the air and refrigerant temperatures is due
to the efficiency of the heat exchanger.

If the equipment compartment temperature
increases, refrigerant pressure on the low side will
also increase. Theincrease in pressure is sensed
by a pressure transducer located in the compressor
inlet line, and a signal is sent to the evaporator
pressure control system amplifier. The amplifier,
in turn, sends an appropriate signal to the servo
portion of the compressor hydraulic motor calling
for a speed increase to prevent pressure increase
and thus maintain a constant refrigerant pressure.
If the temperature increase calls for a compressor
motor speed above a maximum of 12,000 rpm,
the temperature rise cannot be compensated for
and the refrigerant pressure will rise. At 250 + 5
psi compressor discharge pressure, the high side
cutout switch will shut the vapor cycle system
down.

If the equipment compartment temperature
drops, a reverse situation exists. Compressor
motor speed will decrease to a minimum of 4,000
rpm. If the temperature at the fan inlet continues
to drop beyond the range that can be compensated
(30°F), the low-temperature cutoff switch
de-energizes the compressor power relay and shuts
down the compressor motor. The refrigerant stops
flowing while the evaporator fan motor continues
to circulate compartment air. When the fan inlet
temperature rises to 40° + 2°F, the compressor is
cut in and refrigerant flows through the
evaporator and the subcooler and returns to the
compressor to repeat the cycle.

The purpose of each mgjor component in the
vapor cycle system is discussed in the following

paragraphs.
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SUBCOOLER.— The subcooler (fig. 3-14) is
a heat exchanger containing passages for liquid
Freon 12 from the receiver on its way to the
evaporator and cold Freon gas leaving the
evaporator on its way to the compressor.

The purpose of the subcooler is to increase the
efficiency of the system by cooling the refrigerant
after it leaves the receiver, thereby preventing
premature vaporization or flash off after passage
through the expansion valve and before it reaches
the evaporator. As stated previoudly, the refrigera-
tion effect takes place when the Freon changes
state from liquid to gas. Premature flash off
would result in keeping additional refrigerant
from evaporating and would have no useful
effect on the primary cooling load required of the
package.

The liquid on the way to the thermostatic
expansion valve is relatively warm in comparison
to the cold gas leaving the evaporator. Although
the gas leaving the evaporator has absorbed heat
from the air being circulated through the
evaporator, its temperature is still in the vicinity
of 40°F. This cool gasis fed through the subcooler
where it picks up additional heat from the
relatively warm liquid Freon 12 that is flowing
from the receiver. This heat exchange causes the
liquid to be subcooled to a level that ensures
little or no flash gas on its way to the evaporator.
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Figure 3-14.—Subcooler.



